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Two-state model of drug-receptor interaction

Full agonists shift equilibrium “fully” towards the
active conformation e e s e
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~Partial agonists shift equilibrium “partially”
towards the active conformation

Ra

~ Sub-maximal effect with receptors completely,.
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of that affinity. We also said that the full
agonist will induce more of the drug receptor
coupling for it to give me a response while a
partial agonist will have less effect on that

coupling process.

what is the difference between a full agonist and a partial agonist?
We have differences among the drugs in their physical and
chemical characteristics that make this distinction.
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Let's say | am the receptor and | need to work on making this lecture here today. Now let's say | do not have a chair at all. But in order for
me to give the lecture, | have to sit in a way that | can access my computer. Now sitting in that way without a chair and bending to be at the
same level of the computer will allow me some access for that computer. So | will be able to produce my function which is giving the lecture
to some extent. But because I'm just sitting there bending in an uncomfortable position, | have to use more energy to stay in that position
and be able to produce my effect which is giving the lecture. Now let's say | have that comfortable chair in my office now and | sit at that
comfortable chair. Now I'm at the same level of my computer. I'm sitting relaxed and I'm able to use my computer and give my product
which is the lecture. In this case, | need to consume less energy to stay in that position and give the lecture. And this applies the same for
the drug and the receptor. So if | have the receptor in the RA form without the presence of drug bound to it or an agonist bound to it, it will
still give me some effect. It will stay for some time in that active form but it's utilizing much energy to stay in that form. That's why it keeps
going back to standing up(or to theRi form) the unfunctional or the inactive form. But if | gave my receptor that comfortable fancy office
chair, which is the full agonist, it's going to be able to stay in that active form for more time. So we're going to shift the equilibrium more
towards that active form or the RA confirmation. So my agonist or my activator arug is actually the comfortable chair that lowers the
thermodynamic energy that the receptor need to spend in order for it to stay in the active form orRA confirmation. That's why we say a full
agonist will shift the equilibrium fully towards the active confirmation. Now what about a partial agonist?

The partial agonist is a not very comfortable chair. So if | bring a regular wooden chair and | sit on it now | am consuming less energy to
stay in that position where | can access the computer.

But this chair is kind of rigid. It's not very comfortable. So | will not stay in that position long enough as | would if | have a comfortable chair.
So the partial agonist will shift the equilibrium partially towards the active confirmation because | would spend some energy to stay in that
confirmation more than that if | did not have a drug or an agonist but less than that if | have a very comfortable chair.



Two-state model of drug-receptor interaction

o The receptor is postulated to exist in the inactive,
nonfunctional form (Ri) and in the activated form (Ra).

o Thermodynamic considerations indicate that even in
the absence of any agonist, some of the receptor pool
must exist in the Ra form some of the time and may
produce the same physiologic effect as agonist-
iInduced activity.

o Agonists have a much higher affinity for the Ra
configuration and stabilize it, so that a large
percentage of the total pool resides in the Ra—D
fraction and a large effect is produced



Constitutive ACHIVIty »» ds ol sl e 2

o The effect of receptors, occurring in the absence of —__

agonist, is termed constitutive activity.

o The recognition of constitutive activity may depend on
the receptor density, the concentration of coupling
molecules (if a coupled system), and the number of

effectors in the system.
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A neutral antagonist
is a drug that will bind
to the receptor and
will prevent the
binding of an agonist
to it.So it will NOT
cause a shift in that
equilibrium. It will just
hinder the binding of
any other agonist to
that receptor.

inverse agonist: It is
an antagonist but it
is a drug that shifted
the equilibrium more
towards the inactive
confirmation.

Source: Bertram G. Katzung, Anthony J. Trevor: Basic & Clinical Pharmacology, 13th Ed;

www.accesspharmacy.com

Copyright © McGraw-Hill Education. All nghts reserved.



Inverse agonists:

While antagonists are traditionally thought to have no
functional effect in the absence of an agonist, some
antagonists exhibit “inverse agonist” activity because they
also reduce receptor activity below basal levels observed in
the absence of any agonist at all.
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agonist Ji e 18 s ¢ (o4l Jexs e antagonist J 4l | ¥ inverse agonist is a drug that will bind to the receptor and
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than what we learned about antagonist because we said antagonist do not

have an effect. The net effect of them is zero. But the inverse agonist will do
some effect. But this effect is opposite.
So we can say the effect is in the minus. So an inverse agonist is agtually
an antagonist that will reduce the receptor basal activity




Competitive & Irreversible Antagonists

_ Receptor antagonists bind to receptors but do not activate
them

o The primary action of antagonists is to reduce the effects of
agonists (other drugs or endogenous regulatory molecules)
that normally activate receptors.



Competitive antagonists

Bind agonist site

Do not shift equilibrium towards
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partial agonist will bind to and activate the receptor but it's not able to
elicit the maximum possible response that is produced by a full agonist.

in the presence
of a full agonist
the partial
agonist will act
as an antagonist
because it's
compete With
the agonist for
the same
receptor and
thereby it will
reduce the
ability of the full
agonist to
produce a
maximum
effect.so we
wouldn’t see the
Emax

Relative drug effect (E/E,_ )
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We have an example actually for a
drug that's used to help patients
quit smoking.

The name of the drug is verinesilen
or it has a commercial name called
shantix . So Shantix is actually a
partial agonist for the nicotinic
receptor.

It is a medication that's used to
treat nicotine addiction. It does so,
by competing with the full agonist
which is nicotine and reducing the
maximum effect that nicotine would
produce in the body which is
decrease in the craving and the
pleasurable effects that cigarettes
or nicotine would give for a
particular patient.So this partial
agonist will bind to the nicotinic
receptor (and if you remember in
physiology the nicotine receptor is
the acetylcholine receptor and it will
prevent the nicotine (that's ingested
by the cigarette by that patient)
from receiving the full effect. Thus it
will cause a decrease in the full
effect of pleasure and craving that
that patient is getting and by that
we will start to desensitize the
patient for nicotine.



Receptor Regulation

fe Sensitization or Up-regulation
1. Prolonged/continuous use of receptor blocker

2. Inhibition of synthesis or release of hormone/
neurotransmitter - Denervation

B Desensitization or Down-regulation
1. Prolonged/continuous use of agonist
2. Inhibition of degradation or uptake of agonist

Homologous vs. Heterologous
Uncoupling vs. Decreased Numbers
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Variation in drug responses
&
Drug-Drug Interactions



Properties of an Ideal Drug

Effective Emaxu-
Safety Therapeutic index e

That means to be able to activate or inhibit a subset of receptor in a particular tissue without messing up

SeleCtlve with the function of receptors in tissues that we don't want to affect or target. And this helps us minimize
the side effects of these agents or drugs.

Qeve rS] b le ACt] O n the function need to be reversible uh because we don't want the effect of

the drug to stay infinitely in the body

Dred]Ctab '_e it's good to know the side effects ahead of time.
-reedom from drug interactions

_Low cost
Chemically stableseors: reacnes is roet siso n e

shelf in the pharmacy. We don't want
the drug to lose its active components
before we start using it.
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Dose, Dosage schedule, and Route of administration.
Diurnal variation "Chronopharmacology”.

Age and sex of the patient.

Drug reactions.

Drug interactions: other drugs, diet, and environment.
Placebo effect.

Intercurrent ilinesses.

Tolerance.

Genetic or racial factors, “Pharmacogenetics”.



Causes of Variability in Drug Response

Those related to the biological system
1. Body weight and size
2. Age and Sex
3. Genetics - pharmacogenetics - ressisn of e .-

..receptors
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Causes of Variability in Drug
Response

Those related to the conditions of
administration

1. Dose, formulation, route of administration.

2. Resulting from repeated administration of drug:
drug resistance; drug tolerance-tachyphylaxis; drug allergy

3. Drug interactions:

chemical or physical;

Gl absorption;

protein binding/distribution;
metabolism (stimulation/inhibition);
excretion (pH/transport processes);
receptor (potentiation/antagonism);
changes in pH or electrolytes.



Pharmacogenomics:

The relation between the individual’s

genetic makeup to his/her response to

specific drugs (entire genome).
Pharmacogenetics:

Interindividual variation in drug response

that is due to genetic influences (specific
gene).

16



Metabolism

The liver is the major side of metabolism for many drugs,
but other organs, such as lungs and kidney can also
metabolize drugs.

Many lipid soluble drugs are not readily eliminated from the
body and must be conjugated or metabolized to
compounds that are more polar and less lipid soluble
before being excreted.

Metabolism often, but not always, results in inactivation of
the compounds.

Some drugs are activated by metabolism, these
substances called prodrugs.



Phase | metabolism

* Drug metabolism occur in two phases:

* Phase | reactions function (e.g., oxidation, reduction, hydrolysis)
alter chemical reactivity and increase water solubility.

* Phase | reaction frequently catalysis by the cytochrome P450
system (also called microsomal mixed function oxidase).

Drug + O2 + NADPH + H* — Drugmodified + H20 + NADP*

they're responsible to metabolize most of the drugs that the patients receive.

- To date, 12 unique isoforms of this enzymatic system (CYP 2D6,
CYP3A4) have been identified to play a role in human drug
metabolism.

Polymorphism:
Gl (il Bamtie JIS3] If mutation happen to more than 1% of population polymorphism Jls <s3ay) s
(el (il 4dliss function Jullé it is called polymorphism ol e JIH ¢ @l p450 Ju



Phase |l metabolism

 If the metabolite from phase | is polar enough it will
excreted by the kidney, But if it is still lipophilic to be
retained in the kidney, a subequence Phase || metabolism
will take place.

 Phase Il consist of conjugation reaction with endogenous
substances, such as, glucuronic acid, sulfuric acid, or an
amino acid.

« Results In polar and usually more water soluble
compounds.



Phenotypes of CYP450

Isoforms of p450
1. Poor metabolizer (PM) i 2 A warfarin culee 13
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2. Intermediate metabolizer (IM)
- has metabolic capacity between PM and EM
-has one reduced activity allele and one null

RSP umm
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Cytochrome P450 system

« Cytochrome P450 system dependent enzymes are
important target for drug interaction because they can be
iInduced or inhibited by certain drugs.

rifampen is an antibiotic used for the
treatment of tuberculosis. It is a cytochrome P450 inducer.

« Cytochrome enzymes Inducers like rifampin and
carbamazepine are capable of increasing the synthesis of
one or more of isoforms. For example, Rifampin
significantly decreases the plasma concentration of HIV
protease inhibitors.

inhibitor of cytochrome P450.

« Cytochrome enzymes inhibitors, Omeprazole inhibits three
CYP isoforms that are responsible for warfarin
metabolism, leading in an elevation in the warfarin
concentration, and so greater inhibition of coagulation,
leading in to more risk of serious bleeding reaction,



Drug-drug interaction

e Sis el e Wy diline (Sl 8 juaty W) Lais p450 Jl e el L drug drug interactions J!
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« When two drugs taken together, there is a possibility that
the drugs will interact with each other to cause

unanticipated effect. Usually increase or decrease in the
desired therapeutic effect.

« Drug-drug interaction can occur in the following sites

1. at the side of absorption, tetracycline is not absorbed
from the Gl tract if calcium product present in the

stomach. s =t o delis e o (calcium) Gl clatie ge (s Jae) tetracycline J culael 1Y
Banall A sen (e a5 A 4y 50V e asauallS

2. during biotransformation (CYP 450).

3. At the site of action, drug antagonism.



Drug-drug interaction

eart failyre For arrhythmias

3. During excretion, Focrﬁgoxm and quinidine are both
excreted from the same sites in the kidney. The quinidine
will be excreted first because it is more competitive for

these sites, resulting in increased serum levels of

d igoxin affinity 4 quinidined oS! kidneydu receptor J (i agll Jsaa (sl 5l 4l 3 S8l
. Gl JSLie Gy (San digoxin I aS) i 13) — Y gl 7 5a Jull < e

4. During distribution, aspirin competes with methotrexate

for protein binding sites, and because a8pifin is more
competitive for the sites, resulting in increased release
of methotrexate and so increase toxicity to tissues.
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Adverse effect

Adverse effect are undesired effect that may be
unpleasant or even dangerous they can occur for many
reasons:

. The drug may have other effects on the body besides the
therapeutic effect.

. The patient is sensitive to the drug.aiergic
. The patient is taking too much or too little of the drug.

the nurse, as the most frequently administers
medications, must be constantly alert for sign of drug
reactions Of va rious types_ these adverse effects are noted by the nurse but they also

should be noted by the physician or the health professional who
administered that medication for the patient. So we need to be
careful about any adverseeffect that are unpredictable and might
arise for that patient.



Remember !!!

* With every drug use, unwanted effects
must be taken into account.

» Before prescribing a drug, the physician
should therefore assess the risk: benefit
ratio_ ¢ shall e JIS) el sall 13 (e adill Ja )38 2 3Y Caphall

* In this, knowledge of principal and adverse
effects is a prerequisite.
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Adverse Drug Reaction

« Adverse drug reactions are classified as
predictable or unpredictable.

* A predictable drug reaction is related to the
pharmacological actions of the drug.

* An unpredictable reaction is related to
immunological response ( hypersensitivity
reactions ) or non-immunological responseAe

24



Effect of Ag

we said one important variable that can cause this differenceSTamong the different
individual is the age of the patient. So we have some drugs like morphine here.

Morphine is a painkiller and it can decrease the pain perceptron in an individual.If we take
too much of morphine-w S S

respiratory depresslon Now the same drug WI|| have a dlfferent response in an oIder
individual.

So in the lower half of this figure here we have an elderly patient who has been prescribed
morphine. But we have to know ahead of time that /1. for an older patient we have
increased sensitivity in the respiratory system.So the safety margin for an elderly patient is

not the same as that for a young patient. So what would be a normal dose for a young

adult would be a
fatal dose for a elderly patient. So this is part actually of the adverse drug actions. We have
to predict what these effects are going to be and what would these effects be in a different

population geriatric population or also pediatric population.
cdl LS Jakay) 28
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Adults >65 years old
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« 20% of hospitalizations for those >65 are
due to medications they’re taking
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# if we give a lot of doses of the drug , the compliance of
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Other factors affecting the elderly

Pharmacokinetics

* Decrease in total body water (due to decrease
in muscle mass) and increase in total body fat
affects volume of distribution

« Water soluble drugs: lithium, aminoglycosides,
alcohol, digoxin
— Serum levels may go up due to decreased volume of
distribution
» Fat soluble: diazepam, thiopental, trazadone

— Half life increased with increase in body fat
Accumulating



» Oxidative metabolism through cytochrome
P450 system does decrease with aging,
resulting in a decreased clearance of drugs

The dose that we give for an elderly patient who have not as well functioning liver enzyme is
going to be lower than that for a patient who is young where the liver function is completely
maintained.



Pharmacokinetics: Excretion and
Elimination

* GFR generally declines with aging,

but is extremely variable
« 30% have little change
* 30% have moderate decrease
« 30% have severe decrease
* Serum creatinine is an unreliable
marker

* If accuracy needed, do Cr Cl



we have to rely on the clearance of the medication rather than the serum level.

Example: Creatinine Clearance vs. Age




Other factors affecting the elderly

Pharmacodynamics (PD)

* Definition: the time course and intensity of
pharmacologic effect of a drug

« Age-related changes:

— f} sensitivity to sedation and psychomotor impairment
with benzodiazepines

— {) level and duration of pain relief with narcotic agents
— ft drowsiness and lateral sway with alcohol essEisieieissuss

all these examples but know
that we will have differences

— |} HR response to beta-blockers n the intensity and time

course of the

— f} sensitivity to anti-cholinergic agents pharmacological effect of
. L. . . drugs with age.
— {) cardiac sensitivity to digoxin

receptors or single transduction pathwayJ! J—=s Al regulation caw Joas 134 JS



Factors contributing to adverse drug reactions
in elderly patients
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Impaired organ Heart, kidney,

Y

Multiple disease
states

Multiple drug

retien liver, thyroid

|
: l i

Altered drug _Altered organ Decreased homeostatic
concentrations function regulation
’ l Orthostatic hypot nsiln, when

they standup, blogd goes to their
- thetic nervous

o
. Adverse drug

administration
bl

Altered compliance

Polypharmacy

reaction system response to constrict
veins and increase heart rate.
Low thyroid function causes
lower body temperature,

metabolic rate, & heart rate.

How many prescription medications are too many? >4 or >6
Many elderly people receive 12 medications per day



Pediatric Patients

e Higher proportion of water

« Lower plasma protein levels
— More available drug

* Immature liver/kidneys

— Liver often metabolizes more slowly

— Kidneys may excrete more slowly




Pediatric Dosing

Traditionally, for less frequently used drugs, extrapolation
is done from adult dose on a weight or surface area basis

Problems

« Absorption may be more or less than
adult

e Clearance of some drugs in children is
affected by maturation, as well as size

- Cytochrome P450 enzyme system matures
over time

- Glomerular filtration changes over time

e Drug targets may vary with age



CYP Enzymes

* CYP isoforms vary with age

* For example, clearance of midazolam by
CYP 3A4 and 3A5 goes from 1.2
ml/min/kg to 9 ml/min/kg over first few
months of life

« Carbamezapine (3A4) clearance faster
In children than adults — requires higher
doses



o “Children are not Small Adults”
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